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INTRODUCTION 


The  HITVAL  project  has  identifled  a need  to  determine  the  attitude  of  fixed-  and 
rotary-wing  aircraft  participating  in  a field  test.1  This  note  presents  one  method  by  which  the 
attitude  of  fixed-wing  aircraft  can  be  determined  from  the  time  history  of  aircraft  position. 
The  genera]  approach  used  is  discussed  below. 

During  the  field  test,  the  position  of  each  aircraft  will  be  accurately  determined  by 
tracking  systems  such  as  a laser  tracker,  radars,  and  cinetheodolites.  In  the  case  of  fixed-wing 
aircraft,  the  time  history  of  position-the  flight  path -is  the  result  of  the  forces  of  thrust,  drag, 
lift,  and  gravity.  An  additional  force -the  side  force -also  acts  on  the  aircraft  if  the  aircraft  is 
sideslipping.  The  side  force  is  usually  small  compared  to  the  other  forces. 

It  is  possible  to  compute  the  attitude  of  a fixed-wing  aircraft  from  flight-path  data  if  the 
weight  and  a few  other  characteristics  of  the  aircraft  are  known  and  if  the  side  force  is 
negligible.  This  paper  describes  a computer  program,  ANGLE,  which  performs  the  necessity 
calculations.  Comparison  of  the  attitude  derived  from  a flight  path  with  the  attitude  that 
generated  the  flight  path  shows  agreement  that  is  usually  within  20  mrad.  The  computer 
program  is  based  on  the  F-4  but  can  be  adapted  to  any  fixed-wing  aircraft.  The  same  approach 
cannot  be  applied  in  general  to  rotary-wing  aircraft. 

The  accuracy  of  the  output  of  program  ANGLE  depends  on  the  accuracy  with  which 
the  acceleration  of  the  aircraft  can  be  computed  from  position  data.  The  noise  that  is  normally 
a part  of  data  obtained  from  field  tests  will  degrade  the  accuracy  of  the  method.  This  problem 
may  be  minimized  by  using  acceleration  data  from  the  field  tests  when  these  data  are  available. 


1.  Detlgn  of  a Field  Test  for  Probability  of  Hit  by  Antiaircraft  Gum,  WSEG  Report  197, February  1973, p.  31. 
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The  method  of  solution  is  based  on  the  assumption  that  the  velocity,  lift,  drag,  and 
thrust  vectors  are  all  in  a single  plane.  This  is  tantamount  to  saying  that  there  is  no  sideslip  and 
that  the  aircraft,  including  the  propulsion  system,  is  symmetrical  about  a plane.  This  plane  is 
called  the  aircraft  plane  of  symmetry. 

The  net  force  acting  on  an  aircraft  includes  the  force  of  gravity -weight -as  well  as  the 
aerodynamic  forces-Iift  and  drag-and  the  propulsion  force -thrust.  The  force  of  gravity  is 
essentially  a constant  vector  within  the  airspace  of  interest,  say  within  a cube  a few  kilometers 
on  each  side.  The  net  acceleration  of  a body  is  the  vector  sum  of  the  accelerations  that  would 
result  from  each  external  force  acting  on  the  body.  Therefore,  the  acceleration  resulting  from 
aerodynamic  and  propulsion  forces  can  be  obtained  by  subtracting  the  vector  acceleration  of 
gravity  from  the  net  acceleration.  The  program  ANGLE  does  this  and  then  computes  the 
aerodynamic  and  propulsion  forces  and  the  attitude  of  the  aircraft  required  to  develop  the 
aerodynamic  forces. 

The  main  steps  in  the  ANGLE  computations  are  as  follows: 

(1)  The  velocity  and  net  acceleration  of  the  aircraft  are  determined  from  the  flight 
path.  This  step  can  be  skipped  if  velocity  and  acceleration  are  known,  say  from 
Held  test  data. 

(2)  The  vector  acceleration  of  gravity  is  subtracted,  leaving  the  acceleration  due  to 
aerodynamic  and  propulsion  forces. 

(3)  Thrust  is  computed  on  the  basis  of  acceleration  in  the  direction  of  the  velocity 
vector  and  estimated  (previous)  values  of  drag  and  angle  of  attack. 

(4)  Lift  is  computed  on  the  basis  of  the  computed  thrust  and  the  acceleration 
perpendicular  to  the  velocity  vector. 

(5)  The  angle  of  attack  required  to  produce  the  lift  is  computed  from  known 
aerodynamic  characteristics  of  the  aircraft.  This  is  compared  to  the  estimated 
value  to  see  if  another  iteration  is  needed. 

(6)  The  attitude  angles  of  the  aircraft -pitch,  yaw,  and  roll-are  computed  from  the 
direction  of  the  velocity  vector,  the  direction  of  the  acceleration  due  to  aero- 
dynamic and  propulsion  forces,  and  the  angle  of  attack. 

These  steps  are  shown  in  somewhat  more  detail  in  Figure  1.  The  variables  are  defined  in  the 
list  on  page  20. 
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Figure  1.  Main  Steps  in  Program  ANGLE 
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The  computations  of  thrust  and  lift  are  easily  derived  from  Figure  2,  which  shows  the 
relevant  vectors  and  angles  in  the  plane  of  symmetry.  Summing  forces  in  the  direction  of 
velocity  gives 

T • cos  (ALPH  + TA)  - DP  = ALNG  • WT/g 

where  g is  the  acceleration  of  gravity  (9.8  m/sec~).  Summing  forces  in  the  direction  of  lift  gives 

L + T • sin  (ALPH  + TA)  = ANOR  ■ WT/g 

The  coefficient  of  lift  is  defined  by  CL  = L/qS,  where  q is  dynamic  pressure  and  S is  a 
constant  reference  area  known  for  each  aircraft.  By  definition  q (called  QUE  in  ANGLE)  is 
one-half  the  product  of  atmospheric  density  and  the  square  of  the  aircraft  speed.  Atmospheric 
density  decreases  with  increasing  altitude.  In  ANGLE  the  ratio  of  density  at  altitude  H to 
t density  at  sea  level  is  computed  from 

SIG  = exp  [-0948  ‘ “’j  , 

4flfr 

l 
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where  H is  in  meters.  This  compares  with  the  international  standard  atmosphere  as  shown  in 
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Table  1.  Then  q is  computed  from 


QUE  = .0624  • SIG  • V2, 


where  V is  speed  in  meters  per  second. 


Table  1.  Comparison  of  SIG  with  Values  from  the  Standard  Atmosphere 


Altitude 

Computed 

SIG 

Standard 

SIG 

Meters 

Feet 

0 

1.000 

1.000 

1,524 

3,049 

W5ZM 

6,096 

0.533 

Angle  of  attack,  ALPH,  is  determined  from  a piecewise-linear  approximation  to  the 
known  relation  between  ALPH  and  CL.  The  approximation  is  plotted  with  appropriate  CL 
versus  ALPH  curves  in  Figure  3. 

Drag  is  computed  from  DP  = C^qS,  the  defining  equation  for  the  coefficient  of  drag. 
Cq  is  computed  from  Cq  = .024  + .3045  • CL2-2**.  This  function  is  compared  to  the  function 
known  from  empirical  data  in  Figure  4.  Note  that  (1 ) drag  depends  on  angle  of  attack  and  (2) 
the  computation  of  thrust  requires  that  angle  of  attack  and  drag  be  known.  Each  computation 
of  thrust  uses  the  previously  computed  values  of  angle  of  attack  and  drag  (hence  the 
nomenclature  DP  for  “drag,  previous”).  After  each  computation  of  angle  of  attack,  the  new 
value  is  compared  with  the  old  value  and  the  computation  cycle  (beginning  with  the 
computation  of  thrust)  is  repeated  if  the  agreement  is  not  within  5 mrad.  It  is  seldom 
necessary  to  repeat  the  cycle. 

After  angle  of  attack  is  known,  a vector  pointing  forward  along  the  aircraft  longitudinal 
reference  line  is  computed  by  adding  to  the  velocity  vector  a vector  that  ( 1 ) is  normal  to 
velocity  and  in  the  plane  of  symmetry  and  (2)  has  magnitude  equal  to  speed  times  the  tangent 
of  the  angle  of  attack.  The  direction  of  this  vector  (CLINE  for  “centerline”)  determines  the 
pitch  and  yaw  angles  of  the  aircraft. 

A horizontal  unit  vector  HL  perpendicular  to  CLINE  is  found  as  the  normalized  cross 
product  of  CLINE  and  a vertical  vector.  A unit  vector  W out  the  right  side  of  the  aircraft 
(perpendicular  to  the  plane  of  symmetry)  is  found  as  the  normalized  cross  product  of  the 
velocity  vector  and  ANOR.  Then  the  roll  angle  is  computed  as  the  angle  between  W and  HL 
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Figure  3.  Approximation  to  CL  Versus  ALPH  Curve,  F-4E/J 


Figure  4.  Approximation  to  Cq  Versus  CL  Curve,  F-4E/J 
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COMPARISON  WITH  DATA 
FROM  SIMULATION  OF  FLIGHT  PATH 


To  illustrate  the  accuracy  with  which  ANGLE  can  determine  aircraft  attitude,  the 
program  was  used  to  compute  attitude  for  a flight  path  that  was  generated  by  AFATL,  Eglin 
AFB,  Florida.  AFATL  generated  the  flight  path  with  a computer  program  that  performs  a 
numerical  integration  of  the  equations  of  motion.  The  data  provided  by  AFATL  include  the 
aircraft  attitude  and  angle  of  attack  as  well  as  the  position  at  each  instant  of  time.  Data  are 
presented  at  0.2-second  intervals. 

The  position  data  were  read  and  processed  by  ANGLE;  the  aircraft  attitudes  computed 
by  ANGLE,  and  the  attitudes  that  had  been  used  by  the  AFATL  program  to  compute  the 
position  data,  were  printed  out  for  comparison.  These  results  are  given  in  Table  2.  Attitude 

values  from  the  AFATL  data  are  labeled IN,  and  the  corresponding  values  computed 

by  ANGLE  are  labeled OUT.  The  column  of  integers  at  the  far  right  is  the  number  of 

iterations  required  in  the  T -*  L - DP  -•  ALPH  -•  T cycle. 

The  flight  path  used  in  the  comparison  is  typical  of  the  F-4  flight  paths  to  be  used  in  the 
HITVAL  test  program.  The  aircraft  approaches  in  level  flight,  rolls  to  the  left,  and  pulls  down 
into  a 45-degree  dive.  It  then  rolls  back  to  wings  level,  continues  the  dive,  and  reaches  an 
ordnance  release  point  at  an  altitude  of  1,061  meters  (corresponding  to  a breakaway  distance 
of  1.5  km)  at  a speed  of  257  meters  per  second  (500  knots).  At  the  release  point,  the  aircraft 
begins  to  pull  out  of  the  dive,  developing  a normal  acceleration  of  4 to  5 g’s.  Then  the  aircraft 
turns  to  the  left  again  and  leaves  the  area  in  a climb. 

From  Table  2,  it  is  apparent  that  the  attitude  and  angle  of  attack  computed  by  ANGLE 
and  the  corresponding  values  from  AFATL  usually  agree  to  within  10  mrad  (0.6  degree).  The 
poorest  agreement  is  in  ROLL,  where  differences  of  about  50  mrad  (3  degrees)  sometimes 
occur  for  0.2  to  0.4  second.  As  noted  in  the  Introduction,  noise  or  other  inaccuracies  in  the 
aircraft  position  data  will  degrade  the  accuracy  of  the  computed  attitude. 
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Table  2.  Example  of  Program  Printout 


IN 

Y *8  ''III 

pitch  In 

pitch  out 

K0lI  In 

ROLL  OUT 

*LpH  IN 

•lPh  out 

-.78 

-.79 

.03 

.03 

0.00 

.00 

.03 

.03 

- . 79 

-.79 

.03 

.03 

0.00 

-.01 

.03 

• 03 

-.79 

-.7" 

.03 

.03 

-0.00 

-.02 

."3 

.03 

-.79 

-.79 

.03 

.03 

-0.00 

-.00 

.03 

.03 

-.78 

-.79 

."3 

.0  3 

o.oo 

.00 

."3 

• 03 

-.79 

-.79 

.03 

.03 

0.00 

.01 

.03 

.03 

-.79 

-.79 

."3 

.03 

-0.00 

.02 

.03 

.03 

-.79 

- . 7c 

."3 

.03 

-0.00 

.02 

.03 

.03 

-.78 

-.79 

."3 

.03 

o.oo 

.00 

.03 

.03 

-.79 

-.7w 

.03 

.03 

0.00 

-.01 

.03 

.03 

-.79 

-.79 

."3 

.03 

-0.00 

-.01 

.03 

.03 

-.79 

-.79 

.03 

.03 

-0.00 

-.01 

.03 

.03 

-.78 

-.79 

.03 

.03 

o.oo 

-.01 

.03 

.03 

-.79 

-.79 

.03 

.03 

0.00 

.01 

.03 

.03 

-.79 

-.7-’ 

."3 

.03 

-o.oo 

.01 

.03 

.03 

-.79 

-.79 

.03 

.03 

-0.00 

.02 

.03 

.03 

-.  78 

-.79 

.03 

.03 

0.00 

-.00 

.03 

.03 

-.79 

-.79 

."3 

.03 

0.00 

-.01 

."3 

.03 

-.79 

-.79 

.03 

.03 

-0.00 

-.01 

.03 

.03 

-.79 

-.79 

.03 

.03 

-o.oo 

-.00 

.03 

.03 

-.  78 

-.79 

.03 

.03 

O.oo 

-.00 

.03 

.03 

-.79 

-.79 

."3 

.03 

0,00 

-.00 

.03 

.03 

-.79 

-.79 

.03 

.03 

-o.oo 

.00 

."3 

.03 

-.79 

-.79 

."3 

.03 

-0.00 

-.01 

.03 

.03 

-.78 

-.79 

."3 

.03 

O.oo 

.oo 

.03 

.03 

-.79 

-.79 

.03 

.03 

0.00 

.01 

.03 

.03 

-.79 

-.79 

.03 

.03 

-0.00 

.01 

.03 

• 03 

-.79 

-.79 

.03 

.03 

0.00 

.01 

.03 

.03 

-.78 

-.7U 

.03 

.03 

-0.00 

-.01 

.03 

.03 

-.79 

-,7« 

."3 

.03 

0.00 

-.04 

.03 

.03 

-.78 

-.7.. 

."3 

.04 

-.04 

-.11 

.03 

.04 

-.78 

-.  7 

.04 

• 04 

-.15 

-.20 

• 04 

• 04 

-.77 

-.77 

.05 

.05 

-.30 

-.31 

.05 

.0* 

-.78 

-.74 

.08 

• 05 

-.46 

-.4  7 

.05 

.0* 

-.7* 

-.74 

.08 

.06 

-.62 

-.63 

.Ob 

. u* 

-.72 

-.7-. 

. 08 

• U8 

-.78 

-.79 

.07 

• 07 

-.70 

-.7  ■ 

.08 

.05 

-.93 

-.95 

• 07 

• OT 

• • 4 •* 

.05 

•05 

-1*09 

- 1 - 1 0 

• OH 

• 0« 

-.*6 

-.4  k 

. 04 

.04 

-1.25 

-1*25 

• OV 

• OQ 

- • 4C- 

.03 

.03 

-1.41 

-1**1 

• ov 

. OO 

* • 4 3 

■ ih  < 

.01 

•01 

-1.57 

-1.58 

• 10 

.00 

-.42 

-.4? 

-."1 

-•01 

-1.72 

-1.71 

• 10 

• 1 n 

-.41 

— .41 

-.03 

-.03 

-1.88 

-1.87 

• 10 

• 1 n 

-.40 

-.4 

-.08 

- • 05 

-2.0* 

-2.02 

• 1 o 

. 1 0 

-.40 

- • 6 

-.08 

-.  08 

-2.19 

-2*  18 

• 10 

• In 

-.40 

-.5  J 

-.10 

-.10 

-2.34 

-2*29 

• nV 

• 1 0 

-.40 

-•5'v 

-.1? 

-.12 

-2.42 

— 7*38 

• 10 

• 1 n 

-.-.9 

-•5* 

-.13 

-.13 

*2.44 

-?•*? 

• 10 

• In 

-.40 

-.5" 

-.15 

-.15 

-2.41 

-2.44 

• 10 

• In 

-.47 

-.5  r 

-.18 

-.18 

-2.41 

-2.41 

• 1 0 

• In 

-.40 

-.5* 

-.17 

-.17 

-2.41 

-7.41 

.10 

. 1 n 

-.45 

-.54 

-.19 

-.19 

-2.41 

-7.41 

• 10 

• 1 n 

-.45 

-.54 

-.70 

”.Cu 

-2.41 

-2 .4  1 

• ov 

• In 

-.44 

-.54 

-.21 

-.Cl 

-2.41 

-3.41 

.09 

• In 

-.43 

-•51 

-.2? 

-.C2 

-2.40 

-2.40 

• 10 

• In 

-.82 

-.74 

-.2* 

-2.40 

-7.40 

• 10 

• 1 n 

-.81 

-.51 

-.25 

-.CS 

-2.40 

-2.40 

• OV 

• 1 n 

-.80 

— #5- 

-.78 

-.26 

-2.39 

-7.39 

• 10 

• in 

-.49 

— .4^ 

-.78 

-.28 

-7.39 

-7.39 

• 10 

• In 

-.49 

-.4^ 

-.79 

-.29 

-2.39 

-7.39 

• 09 

• In 

-.48 

— • 4 •* 

-.30 

-.30 

-2.39 

-2.39 

• 10 

• In 

-.47 

-.47 

-.31 

-.32 

-2.38 

-?.39 

• 10 

• In 

-.48 

- • 4* 

-.33 

-.33 

-2.38 

-2*38 

• 10 

• In 

-.45 

— • 44 

-.34 

-.34 

-2.38 

-7.38 

.10 

• in 

-.** 

-.44 

-.35 

-.35 

-2.37 

-7.37 

• 10 

• In 

-.43 

-.41 

-.37 

-.37 

-2.37 

-2.37 

• 10 

. 1 n 
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Table  2 (Continued) 


IAN  IN 

1 A*  "111 

PITCH  In 

pitch 

-.*2 

-.4  2 

-.18 

-.38 

-.*1 

-.4  1 

-.19 

-.39 

-.*1 

-.40 

-.40 

-.*0 

-.3" 

-.42 

-.*2 

-.19 

-.J9 

-.43 

-.*3 

-.18 

-.3-. 

-.44 

-.44 

-.17 

-.37 

-.45 

-.*5 

-.16 

-.3- 

-.46 

-.46 

-.15 

-.3  = 

-.4« 

-.*8 

-.1* 

- . 3a 

-.49 

-.*9 

-.33 

-.31 

-.50 

-.30 

-.12 

-.3? 

-.51 

-.31 

-.11 

-.31 

-.52 

-.32 

-.10 

-.30 

-.53 

-.34 

-.29 

-.2K 

-.55 

-.35 

-.77 

-.27 

-.56 

-.36 

-.26 

-.20 

-.57 

-.57 

-.25 

-.25 

-.58 

-.58 

-.2* 

-.2» 

-.59 

-.39 

-.23 

-.23 

-.60 

-.60 

-.22 

-.22 

-.61 

-.62 

-.21 

-.21 

-.43 

-.63 

-.20 

-.2’> 

-.44 

-.64 

-.18 

-•1« 

-.45 

-.65 

-.17 

-.17 

-.66 

-.66 

"•  l6 

— . 1 o 

-.47 

-.67 

-.15 

-.1« 

-.68 

-.68 

-.13 

-.11 

-.40 

-.69 

-.12 

-.12 

-.70 

-.70 

-.11 

-.11 

-.71 

-.71 

-.10 

-.1" 

-.72 

-.72 

-.  "8 

-.00 

-.73 

-.73 

-.07 

-.07 

-.74 

-.74 

-.n6 

— . 0 ■ 

-.75 

-.  75 

-.HA 

-.04 

-.76 

-.76 

-.03 

-.03 

-.77 

-.77 

-.ol 

-.01 

-.78 

-.78 

0.00 

.On 

-.79 

-.79 

.02 

.01 

-.80 

-.79 

.03 

.02 

-.80 

-.80 

.03 

.02 

-.81 

-.60 

.02 

.02 

-.80 

-.60 

u.no 

.07 

-.79 

• • 0 

“o.no 

• 01 

-.79 

.01 

• 01 

-.79 

-.79 

.01 

.01 

-.79 

-.79 

.02 

.01 

-.78 

-.79 

.02 

.02 

-.78 

-.78 

.02 

.07 

-.78 

-.78 

.02 

.07 

-.78 

-.78 

."2 

.02 

-.77 

-.  78 

.02 

.07 

-.77 

-.77 

.01 

.07 

-.77 

-.77 

.01 

.01 

-.77 

-.77 

.01 

.01 

-.77 

-.77 

.01 

.01 

-.76 

-.77 

0.00 

.On 

-.77 

-.77 

.01 

• 0 n 

-.77 

-.77 

.01 

.00 

-.77 

-.  77 

o.no 

.On 

-.77 

-.77 

U.  00 

.01 

-.77 

-.  77 

o.oo 

.00 

-.77 

-.77 

.01 

• On 

-.77 

-.77 

.01 

• O' 

-.77 

-.77 

.01 

• On 

-.77 

-.77 

<7.00 

.01 

-.77 

-.77 

u.oo 

.00 

-.77 

-.  78 

U.O0 

.01 

-.77 

-.78 

.01 

.0' 

-.77 

-.78 

.01 

.nr 

-.77 

-.78 

NOLL  in 

ROLL  Ou7 

alPh  in 

alPh  out 

2.37 

-3.37 

. n9 

• In 

2.36 

-2.36 

.09 

• In 

2.36 

-2.36 

.09 

• 1 n 

2.35 

-2.36 

.n9 

• In 

2.33 

-2.35 

.09 

• 1 n 

2.35 

-2.35 

.09 

• 1ft 

2.34 

• 2.34 

.09 

• in 

2.34 

-2.34 

.09 

• In 

2.33 

-2.33 

.09 

• 1ft 

2.33 

-2.32 

.09 

• 1ft 

2.32 

-2.33 

.09 

• 1 ft 

2.32 

-2.32 

.09 

• In 

2.31 

-2.31 

.09 

.09 

2.31 

-2.31 

.09 

• 1ft 

2.30 

-?.30 

.09 

• lo 

2.29 

-2.30 

.09 

.09 

2.29 

-2.29 

.09 

• 09 

2.28 

-2*29 

.09 

• 09 

2.28 

-2.28 

.09 

• 09 

2.27 

-2.27 

.09 

• 09 

2.27 

-2.26 

.09 

• 09 

2.26 

-2*26 

.09 

.09 

2.25 

-2.25 

.09 

.09 

2.2* 

-2*25 

•09 

• 09 

2.23 

-2.21 

.09 

.09 

2.23 

-2*22 

•09 

• 09 

2.22 

-2-21 

.09 

.09 

2.21 

-3.21 

.09 

• 09 

2.20 

-2.20 

.09 

• 09 

2.19 

-2*20 

.09 

• 09 

2.19 

-2.18 

.09 

• 09 

2.18 

-2-18 

.09 

• 09 

2.17 

-2*16 

.09 

• 09 

2.15 

-2.16 

.09 

• 09 

2.15 

-2.14 

.09 

• 09 

2.1* 

-2*14 

.09 

• 09 

2.12 

-2*12 

*09 

• 09 

2.11 

-2*11 

.09 

• 09 

2.09 

-2.11 

.09 

• 09 

2.10 

-2*10 

• 09 

• 0* 

2.10 

-2.09 

• 08 

• 07 

2.0* 

-2*04 

. 06 

• Ofc 

1.92 

-1  .94 

• 04 

• 0* 

1.76 

-1*83 

.03 

• 04 

1 .60 

-1  .65 

.03 

• 01 

1.44 

-1  .44 

.03 

• 03 

1.28 

• 1.26 

.03 

• 0? 

1.12 

-1.11 

.03 

• 03 

-.96 

-.96 

.03 

• 03 

-.80 

-.60 

.03 

• 03 

-.65 

-.65 

.03 

.03 

-.49 

-.*9 

.03 

.03 

-.34 

-.35 

.03 

.03 

-.16 

..22 

.03 

.03 

-.06 

-.12 

.03 

• 0? 

0.00 

-.04 

.03 

• 0? 

.01 

• 02 

.02 

• 0? 

-0.00 

.03 

.02 

• 0? 

.01 

.03 

.02 

• 0? 

.01 

.00 

.02 

• 0? 

-0.00 

-.02 

.02 

• 0? 

.01 

.01 

.02 

• 0? 

0.00 

.01 

.02 

• 0? 

0.00 

.02 

.02 

• 0 ? 

-0.00 

-.01 

.02 

• 0? 

-0.00 

-.00 

.02 

• 0? 

0.00 

-.00 

.02 

• 01 

0.00 

-.01 

.02 

• 01 

.01 

.02 

.02 

• 01 

0.00 

.02 

.02 

• 01 
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Table  2 ( Continued) 


1 

i 

i 

t 

i 

r. 


IN 

Y a*  miT 

pitch  In 

pitch  out 

«OLL  IN 

ROLL  OUT 

ALPh  IN 

• lPh 

r 1 

.0* 

-.77 

-.  la 

0 

.00 

.00 

.02 

.01 

00 

• 01 

-.77 

-.1 8 

0 

.00 

-.01 

.02 

.01 

nO 

.Or 

-.77 

-.  18 

-0 

.00 

-.01 

.02 

.01 

no 

.O'* 

-.77 

-.78 

.01 

.01 

.02 

.01 

nl 

.0" 

-.77 

-.  78 

0 

.00 

-.01 

.02 

.01 

no 

.0' 

-.77 

-.78 

0 

.00 

.02 

.02 

.01 

no 

.0' 

-.77 

-.78 

.01 

.01 

.02 

.01 

no 

.o- 

-.78 

-.  78 

-0 

.00 

-.01 

.01 

.01 

00 

.Or 

-.77 

-.78 

.01 

-.00 

.02 

.01 

no 

.0. 

-.77 

-.78 

-0 

.00 

.03 

.02 

.01 

no 

.Or 

-.78 

-.  78 

0 

.00 

.01 

.01 

.01 

no 

.0'* 

-.7" 

-.10 

-0 

.00 

-.01 

.01 

.01 

no 

.0 

-.78 

-,7e 

0 

.00 

.01 

.01 

.01 

no 

.0  * 

-.78 

-.  78 

0 

.00 

-.01 

.02 

.01 

no 

.0- 

-.77 

-.  78 

0 

.00 

-.01 

."1 

.01 

no 

.0' 

-.77 

-.  7 8 

-0 

.00 

.00 

.02 

.01 

no 

.0* 

-.77 

-.78 

0 

.00 

.02 

.01 

.01 

no 

• 0" 

-.7« 

-.  78 

0 

.00 

-.00 

.01 

.01 

no 

• 0 1 

-.78 

-.  78 

0 

.00 

-.00 

• 01 

.01 

00 

• 0' 

-.78 

-.78 

-0 

.00 

.00 

.01 

• 01 

no 

• ur 

-.78 

-.  7e 

0 

.00 

-.02 

.01 

.01 

no 

• on 

-.78 

-.  78 

0 

.00 

.00 

.01 

• 01 

no 

• O' 

-.78 

-.  78 

0 

.00 

• 01 

.01 

.01 

no 

• O'* 

-.78 

-.78 

-n 

.oo 

.01 

.01 

• 01 

no 

• 0" 

-.78 

-.  76 

0 

.00 

-.01 

.01 

.01 

no 

• On 

-.7* 

-.  78 

0 

.00 

• 01 

.01 

• 01 

CO 

• Or 

-.78 

-.77 

0 

.00 

.01 

• ol 

.02 

no 

• O'* 

-.78 

-.  77 

-0 

.00 

-.00 

.01 

.02 

•)0 

• l ' 

-.77 

m 9 t b 

• 01 

.01 

.02 

.03 

no 

• or 

-.78 

-.74 

.01 

.01 

.04 

.04 

no 

• O' 

-.71 

-.  72 

.01 

• 01 

• 07 

.06 

00 

• 0" 

-.88 

-.69 

.01 

.00 

.09 

.06 

no 

• 0' 

-.88 

-.87 

0 

• 00 

• 00 

• 10 

• Oo 

^0 

• r. 

-.*8 

-.08 

0 

.00 

.00 

• lu 

. 1 r 

nO 

• O' 

-.83 

-.04 

0 

.00 

• oo 

.10 

• In 

no 

• U' 

-.8? 

- . 62 

0 

.00 

.00 

.10 

• 1 n 

no 

• 0 

-.81 

-.01 

• 01 

•01 

• 10 

• 1 7! 

no 

• n 

-.88 

-.00 

• 01 

.01 

• 10 

• In 

no 

• i 

-.88 

-.38 

0 

• 00 

•01 

•10 

• oo 

no 

• o- 

-.8? 

-.37 

0 

• oo 

• 00 

• 09 

• 09 

no 

• or 

-.86 

-.36 

0 

.00 

• Oo 

.00 

• 09 

no 

• 0' 

-.86 

-.38 

1) 

• oo 

• 00 

• ov 

• 09 

no 

• O'* 

-.83 

-.34 

•01 

• 01 

• 09 

• 09 

no 

• 0' 

-.8? 

-.33 

•01 

•01 

• 09 

• 09 

no 

• Of 

-.81 

-•31 

0 

• 00 

•Oo 

• 09 

• 09 

no 

• Or 

-.80 

-.30 

0 

.00 

• 00 

• 09 

• 09 

no 

• 0- 

-.*» 

-.49 

0 

.00 

• 00 

.09 

• 09 

no 

• 0* 

-.48 

-.*8 

u 

• oo 

• 00 

• n9 

• 09 

00 

• o<> 

*•46 

-.*7 

•01 

•01 

• ov 

• 09 

no 

• 0- 

-.46 

-.*8 

•01 

•01 

• 09 

• 09 

no 

• ur 

-.44 

-.*4 

.01 

• 01 

• 09 

• 09 

no 

• 0 * 

-.43 

-.43 

0 

.00 

• 00 

• n9 

• 09 

no 

• 0< 

-.4? 

-.42 

0 

.00 

.00 

• n9 

• 0 A 

no 

• O') 

-.41 

-.41 

0 

• oo 

• 01 

• no 

• 0 9 

uO 

• O'* 

-.40 

-.40 

0 

.00 

.00 

• Ob 

• 09 

no 

• Or 

-.38 

- . 38 

.01 

• 00 

• nb 

.00 

no 

v On 

-.37 

-.37 

.01 

• 00 

• OH 

• On 

no 

• <K 

-.36 

-.36 

0 

.00 

.00 

• Ob 

• o« 

no 

• o» 

-.35 

-.38 

0 

.00 

.00 

• OH 

• on 

no 

• 0 

-.34 

-.34 

0 

.00 

.01 

• Ob 

• on 

no 

• 0" 

-.33 

-.33 

0 

.00 

.01 

• 06 

• On 

00 

.0*' 

-.3? 

-.32 

0 

.00 

.00 

• Ob 

• UA 

no 

• 0 

-.31 

-.31 

0 

.00 

• 01 

• 08 

• On 

no 

• O') 

-.29 

-.29 

0 

.00 

.00 

• OH 

• 0« 

no 

• On 

-.88 

-.28 

u 

.00 

.00 

• Ob 

• on 

no 

• 0« 

-.?7 

-.it 

0 

.00 

.00 

• 00 

• on 

no 

• O' 

-.36 

-.26 

0 

,00 

.01 

• Ob 

• On 

no 

.0' 

-.?* 

-.28 

0 

.00 

• oo 

• Ob 

• on 

no 

• O'* 

-.7* 

-.24 

0 

.00 

.00 

• 00 

• OH 

no 

• Or 

-.23 

-.23 

.01 

• Oo 

• 06 

• on 

10 
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Table  2 ( Continued) 


»**  in 

YOU  OUT 

pitch  In 

pitch  out 

poll  in 

POLL  OUT 

*LPH  IN 

alPm  out 

u.00 

.00 

-.22 

-.22 

0.00 

.00 

.07 

• oa 

U.00 

,1)0 

-.71 

-.21 

0.00 

.00 

.07 

• OB 

U.OO 

• Or 

-.20 

-.19 

o.oo 

.01 

.07 

• On 

0.00 

.0" 

-.19 

-.18 

o.oo 

.00 

.07 

• OB 

U.OO 

,0'i 

-.18 

-.17 

.01 

.00 

.07 

• OA 

u.oo 

• U' 

-.16 

-.16 

0.00 

.00 

.07 

• OA 

U.OO 

.0" 

-.15 

-.15 

0.00 

.00 

.07 

.07 

u.oo 

-.1* 

-.1* 

.01 

.00 

.07 

• 07 

u.oo 

• U« 

-.13 

-.13 

0.00 

.01 

.07 

• 07 

u.oo 

• o<- 

-.12 

-.12 

0.00 

.00 

.07 

.07 

0.00 

.0" 

-.11 

-.11 

0.00 

.00 

.07 

• 07 

u.oo 

.O'1 

-.10 

-.10 

0.00 

.00 

.07 

.07 

U.OO 

.0'- 

-.09 

-.09 

.01 

.00 

.07 

• 0? 

U.OO 

-.08 

-.08 

0.00 

.00 

.07 

.0? 

U.OO 

.00 

-.07 

-.06 

0.00 

.00 

.07 

• 07 

-U.oo 

.00 

-.06 

-.05 

-0.00 

.00 

.07 

• 07 

•u.oo 

.00 

- . 05 

-.06 

0.00 

-.00 

.07 

.0? 

-u.oo 

.00 

-.06 

-.03 

0.00 

.00 

.07 

• 07 

U.OO 

.Or 

-.03 

-.02 

.01 

.00 

.07 

• 0? 

u.oo 

..Or 

-.01 

-.01 

.01 

.00 

.07 

• o? 

u.oo 

..00 

-o.oo 

-.00 

0.00 

.00 

.07 

.0? 

U.oo 

..00 

.01 

.91 

0.00 

.01 

.07 

.07 

u.oo 

..Or 

.02 

.02 

-.01 

.00 

.07 

.07 

-0.00 

.0" 

.03 

• 03 

.02 

-.01 

.07 

.07 

u.oo 

.On 

."* 

.96 

-.01 

-.06 

.07 

.07 

.ll 

.01 

."5 

.95 

-.11 

-.16 

.06 

.07 

.02 

.02 

.06 

.06 

-.26 

-.25 

.06 

• 07 

.03 

.04 

.06 

.97 

-.62 

-.60 

.06 

• 07 

.05 

.0* 

.07 

• «7 

-.58 

— 55 

.06 

.07 

.06 

.07 

.07 

.07 

-.76 

-.69 

.06 

• 07 

.08 

.Oa 

.07 

.08 

-.8* 

-.80 

.06 

.07 

.09 

.01 

.07 

.“8 

-.89 

-.86 

.06 

.07 

.10 

.11 

.08 

.08 

-.88 

-.89 

.06 

*•07 

.11 

.12 

.08 

.99 

-.88 

-.89 

,06 

• 07 

.1? 

.13 

."9 

.09 

-.88 

-.99 

.06 

.07 

.13 

.1* 

."9 

.10 

-.60 

-.89 

.06 

• 07 

.16 

.15 

.10 

.10 

-.88 

..88 

.06 

.07 

.15 

. 1* 

.10 

.11 

-.88 

-.88 

.06 

• 07 

.16 

.17 

.11 

.11 

-.89 

-.89 

.06 

• 07 

.17 

.15 

.12 

.12 

-.88 

-.89 

.06 

• Oa 

.19 

.1-) 

• 12 

• 12 

-.89 

-.89 

.06 

• Of 

.20 

.2- 

.13 

.13 

-.89 

-.89 

.06 

• Of 

.21 

• 2l 

.13 

• 16 

-.89 

-.89 

*06 

• Of 

.22 

.22 

.16 

• 16 

-.89 

-.89 

.06 

• Of 

.23 

.2i 

.1* 

.15 

-.89 

-.89 

.06 

• Of 

.26 

.24 

.15 

.15 

-.89 

-.89 

.06 

• Of 

.25 

.26 

.15 

.16 

-.89 

-.90 

.06 

• Of 

.26 

.26 

.16 

.16 

-.90 

— 9o 

.06 

• Of 

.27 

.27 

.16 

.17 

-.90 

-.90 

.06 

• Of 

.28 

.2" 

.17 

.17 

-.90 

-.90 

.06 

• 06 

.29 

.21 

.17 

.18 

-.90 

-.90 

.06 

• Of 

.30 

.3 

.18 

.18 

-.90 

-.90 

• 06 

• Of 

.11 

.31 

.18 

.19 

-.90 

— 90 

.06 

• Of 

.12 

• 3i 

.1« 

.19 

-.90 

— 91 

.06 

• Of 

.13 

• 3* 

.19 

.20 

-.91 

— 91 

.06 

• Of 

.16 

.36 

.70 

.20 

-.91 

-.91 

.06 

• Of 

.15 

.36 

.20 

• 21 

-.91 

-«1 

.06 

• Of 

.16 

.37 

.71 

.21 

-.91 

-.91 

.06 

• Of 

.17 

.3- 

.71 

• 22 

-.92 

-.9? 

.06 

• Of 

.19 

.3  > 

.22 

.22 

-.92 

-.92 

.06 

• Of 

.60 

.6- 

.72 

.23 

-.92 

-.92 

.06 

• Of 

.61 

• *1 

.23 

.23 

-.92 

-.92 

.06 

• Of 

.62 

.6? 

.73 

.2* 

-.92 

-.93 

.06 

• Of 

.61 

.4  1 

.76 

.26 

-.93 

-.92 

• 05 

• Of 

.*6 

.7* 

.25 

-.93 

-.93 

.06 

• Of 

.*5 

• ff 

.75 

.25 

-.93 

-.93 

*06 

• Of 

UNCLASSIFIED 


UNCLASSIFIED 


Table  2 (Continued) 


IN 

All? 

i»ITcm  In 

pitch  out 

NOLL  IN 

ROLL  OUT 

AL*N  IN 

alPw  out 

• 46 

• 4* 

• ?s 

.25 

-.94 

-.9* 

• Ob 

• 06 

.47 

• 47 

• ?s 

•26 

-.94 

-•94 

• Ob 

• 06 

.48 

• 4« 

.?s 

.26 

-.94 

-.94 

.05 

• 06 

.49 

• S'* 

.?7 

.27 

-.94 

-.94 

• 05 

• 06 

• SO 

• Si 

.91 

• 27 

-.94 

-.95 

• 05 

• 06 

.SI 

• S-> 

• ?B 

.IB 

-.96 

-.95 

• 06 

• 06 

.S3 

• SI 

• ?B 

.28 

-.95 

-.95 

• Ob 

• 06 

.S4 

• s* 

.79 

.29 

-.95 

-.95 

• 06 

• 06 

• S5 

• 5s 

.79 

.29 

-.96 

-.96 

• 05 

• 06 

.66 

.5* 

.79 

.30 

-.96 

-.96 

• 05 

• 06 

.ST 

• S7 

.70 

.30 

-.96 

-.96 

• h5 

• 06 

• SB 

•s« 

• 30 

• 31 

-.97 

-.97 

• 06 

• 06 

• S9 

• b«* 

.71 

.31 

-.97 

-.97 

• 06 

• 06 

.so 

• b'* 

.31 

.31 

-.97 

-.97 

• 06 

• 06 

.61 

.61 

.12 

.32 

-.98 

-.98 

.05 

• 06 

.42 

• b 4 

.12 

.32 

-.93 

-.90 

.05 

• 06 

.S3 

• b* 

.13 

• 33 

-.98 

-.98 

• 05 

• 06 

.s5 

• 6** 

.13 

.33 

-.99 

-.98 

• 06 

• 06 

,S6 

• b* 

.13 

.34 

-.99 

-.99 

• 06 

• 06 

.s7 

• *7 

.1* 

.34 

-.99 

-.99 

• 06 

• 06 

.SB 

• H'1 

.14 

.34 

-1.00 

-1  *00 

• 05 

• 0 6 

.49 

• b ^ 

.14 

.36 

-1.00 

-1.00 

• 05 

• 06 

.70 

.7 

.15 

.35 

-l.oo 

-1.01 

• *5 

• 06 

.71 

.7^ 

.75 

.36 

- 1 . 01 

-1*01 

.06 

• 06 

.73 

.74 

.16 

• 36 

-1  .01 

-1  .01 

• 06 

• 06 

.74 

.7.. 

.is 

.36 

-1.01 

-1.02 

• Ob 

• 06 

.75 

• 7<* 

.17 

.37 

-1.02 

-1.02 

• 05 

• 06 

.76 

.7-. 

.17 

.37 

-1.02 

-1.02 

.05 

• 06 

.77 

.17 

.37 

-1 .03 

-1.03 

• 05 

• 06 

. 78 

.7- 

.IB 

• 3b 

-1 .03 

-1.03 

• 06 

• 06 

.79 

• H. 

.1** 

• 3n 

-1.03 

-1 .04 

• Ob 

• 06 

.“1 

• Hi 

• 1» 

.39 

-1.0* 

-1*04 

• 05 

• 06 

.<2 

• 1? 

.19 

.39 

-1.0* 

-1 .06 

• 05 

• 06 

.83 

• * > 

.14 

• 39 

•i-os 

-1  *0S 

• 05 

• 06 

.44 

• H . 

.40 

.40 

-1.03 

-1*06 

• ob 

• 0 6 

• «5 

.40 

.*0 

-1.06 

-1  .06 

• Ob 

• 06 

.46 

• H7 

.40 

.40 

-1.06 

-1.06 

• 05 

• 06 

• OB 

• M's 

.41 

•*l 

- 1 • 0 7 

-1*07 

• 05 

• 06 

.49 

• « > 

.41 

• ♦1 

-1  .07 

-1  .07 

• 06 

• 06 

.90 

• <* 

.41 

• *1 

-1 .07 

-1 .08 

• 06 

• 0 6 

.4) 

• Y/» 

.42 

• *2 

-1.08 

-1  .08 

• Ob 

• 06 

.93 

• «*■» 

.4? 

.42 

-1.08 

-1*08 

• Ob 

• 06 

.44 

• V<* 

.4? 

.42 

-1.09 

-1  *09 

• Ob 

• 06 

.96 

.43 

.43 

-1.09 

-1  ■ lo 

• Ob 

• 0 6 

.46 

• 9-S 

.41 

.43 

-1.10 

-1  .10 

• 06 

• 06 

.47 

•V  * 

.43 

.43 

-1.11 

-1.11 

• Ob 

• 06 

.49 

• *<• 

.43 

.*4 

-1.11 

-1*11 

• 06 

• 06 

1.00 

1 .0  » 

.44 

.44 

-1.12 

-1  .1? 

• 06 

• 06 

l.ol 

1 .01 

.44 

.44 

-1.12 

-1.1? 

• 06 

• 0 6 

t.ol 

1.07 

.44 

.44 

-1.13 

-1.13 

• 06 

• 06 

1 .04 

1 •()<• 

.45 

.46 

-1.13 

-1  .13 

• 06 

• 06 

1.  15 

1 .o^ 

.4S 

.45 

-1.1* 

-1.13 

• 06 

• 06 

l .06 

1 .0"' 

.45 

.46 

-1.14 

•1.14 

• 06 

• 06 

1 ."7 

1 •«)' 

.♦5 

.45 

-1.15 

-1.14 

• 06 

• 06 

1.09 

1 

.46 

.46 

-1.15 

• 1.15 

• 06 

• 06 

1.10 

1.1 

.46 

.96 

-1.16 

— 1.16 

• 06 

• 06 

i . 1 1 

1.1? 

.46 

.46 

-1.17 

-1.17 

• 06 

• 06 

1.13 

l.n 

.46 

.46 

-1.17 

-1.17 

• ob 

• 06 

1.14 

i.i* 

.47 

.47 

-1.17 

-1  . 18 

• 06 

• 06 

1.15 

i • l** 

.47 

.47 

-1.18 

- 1 . 1 B 

• Ob 

• 06 

1.16 

1.17 

.47 

.47 

-1.19 

-1.19 

• Ob 

• 06 

1.  IB 

f .1- 

.47 

.♦7 

-1.1* 

-1.19 

• Ob 

• 06 

1.19 

1.1° 

.47 

.47 

-1.20 

-l.2n 

• Ob 

• 06 

1.20 

l.?l 

.40 

.48 

-1.20 

-1.21 

• Ob 

• 06 

1.72 

y.i? 

• 4B 

.*8 

-1.21 

-1.21 

• 06 

• 06 

1.23 

1 *27 

.48 

.48 

-1.21 

-1.22 

• 06 

• 06 

12 
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Table  2 ( Continued) 


’*•  IN 

Y»8  "III 

*1TCm  In 

PITCH  flUT 

NOLL  IN 

80LL  OUT 

TN 

•lPh  out 

1.2* 

1.2“ 

.*» 

.*8 

-1.22 

-1.22 

• Ob 

• 06 

1.?* 

1.2* 

.** 

.*8 

-1.23 

-1.23 

.0* 

.06 

1.27 

1 .2i 

.** 

.*8 

-1.23 

-1.23 

• 0* 

.06 

1.9* 

1.29 

.*9 

.*• 

-1.2* 

-1.2* 

.06 

• 06 

1.10 

1 .3" 

.*9 

.*« 

-1.25 

-1.28 

.0* 

.06 

1.11 

1 .31 

.*• 

.♦8 

-1.25 

-1.25 

.0* 

.06 

1.12 

1 .33 

.*« 

.** 

-1.2* 

-1.2* 

.06 

.06 

1.1* 

1.3* 

.** 

.** 

-1.2* 

• 1.28 

.0* 

.06 

1.3* 

1.3* 

.*• 

.*9 

-1.2T 

-1.2T 

.0* 

.06 

1.32 

1.37 

.«• 

.♦9 

-1.2T 

-1.28 

.06 

.06 

1.15 

1.3- 

.*9 

.50 

-1.28 

-1.29 

, 06 

. 06 

1.3* 

l.*' 

.90 

.30 

-1.2* 

-1.2* 

.0* 

• 06 

l.*l 

1 .*1 

.90 

.»« 

-1.2* 

-1 .30 

."6 

• 06 

l.*2 

1.*9 

.90 

.90 

-1.30 

-1.30 

.06 

.06 

l.*3 

1 .♦* 

.90 

.50 

-1.30 

-1.31 

.06 

.06 

l.*3 

l.*9 

.90 

.90 

-1.32 

.1.32 

.06 

.06 

!.*• 

1.** 

.80 

-1.32 

-1.32 

.0* 

.06 

i.*a 

!.♦<• 

.50 

.90 

-1.33 

-1.33 

.06 

.06 

i.*» 

!.*« 

.30 

.90 

-1.33 

• 1.3* 

.06 

.06 

1.30 

1.91 

.50 

.50 

-1.3* 

-1.3* 

.06 

.06 

1.32 

1.52 

.90 

.30 

-1.35 

-1.35 

.06 

.06 

1.33 

1.5> 

.50 

.90 

-1.35 

-1.3* 

• 0* 

• U6 

*.3* 

1.59 

.50 

•1.3* 

-1.37 

.0* 

• 06 

1.30 

1.9* 

.90 

-1.3T 

• 1.37 

.06 

.06 

1.3T 

1.37 

.80 

150 

-1.37 

-1.33 

.0* 

.06 

1.3* 

1.5“ 

.80 

.50 

-1.38 

-1.32 

.06 

.06 

1.39 

1.5“ 

.30 

.91 

-1.27 

-1.2* 

.05 

.06 

1.39 

1.5“ 

.31 

.51 

-1.12 

-1.13 

.05 

.08 

‘.39 

i.*" 

.92 

.92 

-.*7 

-1.01 

.0* 

.06 

1.99 

1.8' 

.32 

.92 

-.81 

-.89 

.0* 

.0* 

1.99 

1.5* 

.93 

.93 

-.85 

..*8 

.0* 

.0* 

1.39 

1 .5* 

.93 

• 9) 

-.♦* 

—52 

• 03 

•83 

1.31 

1.9“ 

.33 

•93 

-•33 

-•3* 

• 03 

•03 

1 .68 

1 .9- 

.83 

• 53 

-•1  7 

-.23 

• 02 

• 03 

1.93 

1 .6“ 

.53 

•93 

-.#5 

-•12 

• 02 

•OP 

1.9« 

i «5-< 

.53 

•93 

o.oo 

-.02 

• o2 

• 0? 

1.38 

1 .3® 

.53 

• 53 

-0.00 

• 03 

• 01 

•01 

1.38 

1 .3“ 

.32 

• 53 

-0.00 

.0* 

• 01 

•01 

1.98 

1 .9® 

.32 

.53 

0.80 

.02 

• 01 

• 01 

1.98 

1 .5- 

.82 

.53 

0.00 

-.01 

• M 

.01 

1.98 

1.5“ 

.82 

.93 

-0.00 

-.00 

.01 

• 01 

1.38 

1 .5“ 

.82 

.53 

-0.00 

• 00 

.01 

.01 

1.98 

1 .9“ 

.32 

.53 

0.00 

• 01 

.01 

• 01 

1.98 

1,3“ 

.32 

.53 

0.00 

.01 

.01 

.01 

1.98 

1.3“ 

.52 

.53 

-0.00 

.01 

.01 

• 01 

1.98 

1.5“ 

.82 

.93 

•0.00 

-.02 

.01 

.01 

1.98 

1.38 

.92 

.93 

0.00 

-.01 

.01 

.01 

1.38 

1.9- 

.92 

.93 

0.00 

-.01 

• 01 

• 01 

1.98 

1.5“ 

.32 

.53 

•0.00 

.00 

.01 

.01 

1.98 

1.5“ 

.92 

.53 

0.00 

.01 

.01 

• 01 

1.98 

1.3* 

.52 

• 93 

0.00 

-.00 

.01 

.01 

1.98 

1 .3- 

.92 

.53 

0.00 

.00 

.01 

.01 

1.98 

1.3“ 

.32 

.53 

-0.00 

-.01 

.01 

.01 

1.98 

1.5“ 

.32 

.53 

•0.00 

.00 

.01 

.01 

1.98 

1.5“ 

.32 

.93 

0.00 

— .00 

.01 

.01 

1.98 

1.5“ 

.92 

.93 

0.00 

.00 

.01 

.01 

1.98 

1.3- 

.32 

.93 

•0.00 

.01 

.01 

• 01 

1.98 

1 .5“ 

.82 

.93 

-0.00 

-.00 

.01 

.01 

1.98 

1 .5“ 

.82 

.53 

0.00 

.01 

.01 

• 01 

1.38 

1 .3* 

.82 

.93 

0.00 

-.00 

.01 

•01 

1.98 

1.5“ 

.32 

.53 

-0.00 

.00 

.01 

.01 

1.38 

1.9- 

.32 

.53 

-0.00 

..01 

.01 

.81 

1.38 

1.5“ 

.32 

.93 

0.00 

.00 

.01 

.01 

1.98 

1.5* 

.82 

.53 

o.oo 

.01 

.01 

.01 

1.98 

1.5“ 

.32 

.93 

-0.00 

-.00 

.01 

.01 

0 

n 
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PROGRAM  ANGLF  ( Input*  OUTPUT*  TAPES) 

DIMENSION  NTT  ILL  (<*4>  ,XT  (ioo0»3)  t n door)  .A^(lOOO)  ,£L(1000»  .Rl)L<loO 
lU)  .AU^OP) 

DIMENSION  XDl (3) .ADD 1(1)  * a i (1000.3) ,n2 ( 1000*3) 

DIMENSION  XU//  (3)  .XUD77  (3)  ,CLINt  (3)  ,aNx  (3)  .Hl  (3)  ,W  li) 

DIMENSION  XDl 1000 »3> .<DD(lo00»3> 

NT**’ 

c T HP  FOLLOWIN',  uaTa  Is  fON  tHE  F-a  and  FOR  THE  PARTICULAR  FLIGHT 

C math  data  useu  if  the  oemonSTka l ion  hjn. 

c *T  IS  «IRoRafT  «Dir,HT,  S is  MEFtRENrF  aREA  In  SUUaRE  me{ehS»  Ta  IS 

c ThuUST  ANGLE  AOOVt  (HE  LONGITUDINAL  AXTS  OF  THE  AIRCRAFT,  AND  ALTA 

C IS  the  ALT  I r < • i » t hrtSt.T.E.  the  ELEVATION  AHOVf  SEa  LEvtL  OE  ThE 

c ORIGIN  OF  Thf  COOhuIi^atf  SvSTtH  That  is  used  TO  SPtCIFV  THE  FLIGHT 

C PATH. 

DATA  a!  ,s.  TA.ALTH/1A27?,  ,ao^«.OOS,o./ 

up«.2?*wt 
aldhp« .OG 
HOLLP»V. 

Gs'j.n 

«og»*t/g 

HEAO(N) .100) 
lno  F OPM AT l//////////) 

c i he  oo  i<so  LonH  is  set  up  to  head  a particular  Tape  fuwmat. 
c this  must  at  chafgeu  to  copRESponu  to  the  fo0mat  of  the  input  tape 

C OF  FLIGHT  path  uata  hfing  nsto. 

KPTS»0 

DO  I6P  I a 1 . I n 0 0 
KPTS«kPTS*1 

head  (N  I ,lf)2)  TI  (I)  . (XT  ( I . J)  » J« 1 » 3 ) ,A7(T)  . EL  < I ) ,ROL<I)  »AL(I) 

C NOTF  That  A/.  EL.  ROl,  aNO  AL  AHE  THF  TAG,  PITCH,  ANO  ANGLE  OF 

C ATTACK  of  THf  aIFCRAFT.  TwESE  UATa  aHE  available  for  the 

c ParTIcijLaP  fl  1 GmT  PATH  hETnG  USLD  ANO  A«E  read  hFRE  su  That  THEY 

C Can  be  compa^fu  to  Thf  values  cumputfd  with  This  program. 

Ir2  FORMAT  (FS.1***F10.2«75x,4F5.?) 

IF  (EOF. NT)  ISO. 160 
1 6H  CONTINUE 
1 SU  KPTS»KF'TS-1 

c note  that  Thf  PhoGRAm  TS  ‘ip*  SEI  Up  TO  «EA0  UP  To  100O  UaTA  potnts 

c . The  amount  of  memory  could  be  greasy  ReuucEo  b*  reading  input 

c AS  it  is  NEtoEU.  THa  I cOiii  D «E  DIScaRoED  aNO  FIt3  COUlO  HE  CAI.Lfo 
C INSIOE  Thf  do  20  LOUP. 

T 1 «T I (2)-TI ( l ) 

T2»T I ( J ) -T I (2) 

T» (T2*T 1 ) /2 • 
uo  11  I»l,3 

XnT*l)“*Xl(2.i)-XI(I»i))/TT 
2a ( XI (3, I) -XI (2,1) )/T? 

AOOI (I)«(7-Xf  1 (I) ) /T 
U XDl(I>a(Z*X»I(il)/2» 

C IF  VELDCITY  *'’D  ACCELERATION  DATA  APE  AVAILABLE  AS  INPUT  IT  SHOULD 

c be  read  ano  the  call  on  Subroutine  traj  should  be  skipped,  thaj 

C CALLS  fin  a*  0 CC'MPUTF*  VFiOCITY  ano  ACCELERATION. 

Call  tmajikpts.xi  »Tl.xnI*xnDi  »*u»xon.c»i  »b2) 

PRINT  loA 

C This  HtAoiNG  is  fur  thf  chfc«OuT  Runs  mnly. 

ln6  FO°MAT(//. IS*. 6MYAW  Im,3X,7hYAw  OUT . 3X .BhPI Tch  In,2*»RhPI TCH  OUT, 
12x. ThHUll  IN.PA.MhROll  OUt,3X.7hALPh  1N.2X.BhALPh  OUT./) 


KiilSHKDXODDO  ' 
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PP  T S*“  l-K.  < 

do  20  i»n,  mp t 'i 

N I TER»U 

no  12  j>l,3 
An/2ij>«nn(i.j) 

12  xonzz«P)«*oi)fi»J) 

VZ/«S(JKT  ( XUZ*  < 1 1 •#2*X-)7Z  ( ?i  ##2*aij/7  ( 3)  ••?) 
xo^zz  (■*>  *xoo//iji*9.« 

AL^'G*  (A|17Z  ( J ) •XL)I'Z?  ( 1 ) *XD77  (2)#xnnZ7  (2)  *XnZZ  ( 3)  #XOOZZ  «3»  ) /VZZ 
DO  1*  U»1 ,3 

i *•  an*  ( Ji“«nnzz  ( j>-xuzz  ( ji  *ai  hG/v/z 

AnOM«SUNT  ( AD*  ( 1 ) *#?*A\)X  (2)  **2*a;,a  ( 3)  **?) 

1 3 ALPHT*«L*»hP*  * A 

T«<  ALw«»*MO<i*  >')/C'J$ULpHt, 

L*ftNOK#i»0(;-T,SlN(  AL^HT) 

OS»UDE  Ut  ( I « ■*)  ♦ A|  T 3 t v 77  > 

IF(CL.LT.«.)  r.u  1U  17 

C lHC  FOLLOWIN',  LAl  C'JLaTTON*:  OF  l)P  ANr>  A iPH  aM£  FOR  I HE  F-4,  THEY 

c MUST  Ht  r.HAWf-tu  FOR  OTMEW  aIMCHaFT. 

DP»OS*  » . 0?4* . JU4S*CL**3. 7ai 
1'  CALL  ALPMA(CI  .alfm*1F|  AGtjrL*u) 

IF  ( IFL*6,JFLft|J«ol .0)60  TO  1 <, 
fJl  TEM^ITER*' 

IF  (AHSUlPh-'LPmF-)  ,LT..00m  l>0  10  1b 

«LPmP»*lPh 

IF  (Nl  I EW.Lt . ► 1 (-0  lo  15 
PRINT  lr7 

Inf  FO«MAT»n*,*-  1 lfc>  RtACWfL)  •seven.*) 

1°  AlomP»-LPw 

VTANA»*/7*T*'  ( ALpM) /A'jOW 
DO  1 9 J* 1 • J 

19  CLTNF(*>JsXOZ<'(JMVTANa*ANx<J) 

CAl  L T«EpMl  (tlInF  ( l ) ,01.  INF  ,2)  .CL INF  (3)  ,m,(,R,  Ya*.pI  TCm) 

F aC»Gf> 

ml ( 1 ) «cline <’>  n ac 
If (hl ( A) .Fu. ' . ) iflag.i 
ML (2) «"CL  TNt  M ) /F  «c 

lF(HL«*:).E').-..Ar.U.lFLAfi.FM.l)  uO  Tn  21 
F AC  * V Z A*  anOM 

« ( 1 ) »(A077  »2)  *a,mx  ( 3)-xn7Z  < 1)  *Anx  (2)  ) /F  aC 
*{?>»(AD77(3)*m|'<x  (l»-«MZZn  )*aNa(3)  )/FaC 
■ ( 3>  «<*rj77<  1 1 *ANX  <?>-XOZZ  ly)  *ANA<  1 ) ) /F  aC 
ZZ*hl 10) -M ( 3' 

Za(HL(l>-wf It  )••? 

Z»(ML<^)-*<2) )**?*Z 

Z.ZZ**C«7 

Z«SwRT(Z)/2. 

MOLL  * 2.*ASt  ,U> 

IFIZZ.LT.o.)  mou*-moll 
IF<YAW»GT.3.  lMti)  Y*K»Y*m-a.2832 

c This  pmintout  is  fom  cmec*oui»  in  nomral  use  thebe  mill  hl  no  a?. 
c tL»  mol,  and  al  to  print  mhT. 

?2  PRINT  103,  A/ ( I ) ,Ta*,FL 1 1) ,P1tCh,R0l ( 1 1 »BOLL«AL «I) »AlPh*NITER 
InJ  F OwNAT  I I5X  ,4  (F'5,?,4*,F5»2,aX)  tll)X,l3) 

20  CONTINUE 
GO  TO  So 


\ 


UNCLASSIFIED 


1*1  PRINT  i04 

Jr>4  FORMAT  h If  OuT  OF  <nUNUS.«) 

PRINT  i 0?«  T I I I ) » ( * I ( | , |)  * i,lt3)  t*Z(H  .FL(I)  *ROL<!)  »ALd> 
GO  TO  30 
21  PRINT  iOf 

l;ib  FO-INAnjO*»#MPCP««:’>  IF  PorNlkO  STRAIGHT  DP.*) 

GO  TO 

Kit  COnT  I NUF 


10’1'  LOnTJngf 

t N> 


4* 


SUgROU  l INF  Ml  PM*  (CL»ALPH»  IrLAG*  JFLaG) 

c this  fonctio  returns  the  angle  of  attack  foo  th?  given  cl. 
c ALPHA  is  TN  JAU1ANS* 

c IFL AG*i  FOP  rL  TOO  LO<*.  JF|  AG»1  F OR  CL  TOO  HlOM. 

ifl*o«p 

jflag«w 

1MCL.lt. -.2)  GO  To  in 
IF ( CL.LT. ,6b)  GO  TO  11 
IF ( CL.LT. . Tb  ) or  TO  1? 

IF  <CL»LT..B*v)  C,0  TO  n 
JFLAGai 
RETURN 
10  IFLAG-1 
RETURN 

U AlPM«0.3?A*CI-O.00A36 

return 

12  *LPH«0.63«>aCi-0.Z02 
RETURN 

1 3 ALPH»o»277*2.H2o*<CL-o.T‘») 

Rf TURN 
ENO 


0 

fj 

u 

0 


function  oueih**) 

C uUE  IS  OYNAMTC  PRESbURF  In  KG  PER  SO  nfTER. 

C H IS  ALTITUDE  Amove  Sl  in  meters.  S is  speed  in  meTERS/Sec. 


SIGMC*P(-.09*M*IH/lOon.l**i.OAT> 

«UE«.0P?A*SIG*S*S 

Return 


,s  msi  «U‘LI" 

-.■*tsHSD  T*o  UDC  - — 
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SUdHOUl INF  r^«J(K^rS,xi,Tl,XOI tAOOl.xD.XODfbl ,B2) 
dimension  xitiooo*3>,xo«ion0t3) »xddoopu*3)  *bi  dooo*3>  *b2Uooo*3> 
DIMENSION  XDI (3) ,Xf)Dl (3) , amE" (3) , AONE* (3) , ADdnE* (3) »Tl (lOOO) 
DIMENSION  01 (3) * Q2 ( 3 ) t a X ( « , 3 ) t A T ( 8 ) 

DO  100  la]  * 3 
X0(2.I>«X0I  (l) 
l00  XDO ( 2 ( 1 ) aX DO  1(1) 

Hi»KPTb-T 
DO  300  JKa2»'il 
DO  200  jal  *B 
N,JK*J-1 
AT • J) ■! I (N> 

DO  ZoO  Ial»3 
200  Ax< J(I)aXl (N,l) 

CALL  FiT3(AX,AT,ANE*,AnNE*<;,ADDNEll,XDI»XDDl*Ul,Q2) 

MajK^X 

DO  300  Ial « 3 
Xq (H« I > bAONEm ( 1 ) 

ADD (M, 1 ) a A DONE a ( I ) 

C Hi  NO  b2  ARE  AVAILABLE  IF  ONE  WISHES  To  INTERPOLATE  TO  OTHER  Times 

c . OTHtRWISE  THESE  boon  “OrDS  CAN  bF  ELIMINATED. 

B1 ( JK, I ) aOl ( T ) 

300  B2 ( JK* 1 ) a02  ( j ) 

heturn 

END 


T 


u 

f] 


SUBROUT  inf  FlT3(AX,ATtANEw,ADNE«*»A0nNEw.XDI»XDDI,Ql#02) 

DIMENSION  XDI  (3)  .XD0I  <3>  *anEW<3»  ♦A0NEM31  » ADDnE* <i> 

DIMENSION  Q1  (3)  *02(3)  , AX  («', 3)  » AT  (8) 

OIMENSlON  Tn(7) ,TN2(7l »TN3(7) *1(8) ,TAu(S) • K ( 8) 

C USING  *ET  OF  h POINTS  IN  SeBUeNCE.  MAKES  LEAST  SOUARE  F IT  OF  3RD 

c degree  polynomial  thru  last  three  points,  keeping  first  point*  ano 

C ITS  EIHST  DEMlVATIVE  jnCH.nGED. 


do  1 j“l,8 

T(j)aA? ( J)-AT(I) 

DO  2 KB](5 
TAU(K)»0. 

DO  3 I"1  *7 

tn<i>»i (1*1) 

DO  ♦ K*l t5 
DO  5 1*1 .7 
Tn<I»*!n<I»*T<IM) 
IE<K.E«*1)  TNP(I)BTN(|) 

T^  3(I)aTN(l) 
TN(  I ) *TAl|(K) 


IF(R.E«.2) 
TAU(K)« 
CONTINUE 
00  6 I“1 ,3 
Xo«AX(l*i) 
VOaXDI < I ) 
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00  7 j»2,a 
7 X(J)«*A(J.D 
BETA-0 

ALPHA»A0*TAUn  )*vO*TAi)(2) 

00  8 J“1.7 

« BETA-X<J*1)-Tn2(JUBETA 
dl-BETA-ALPH4 
BETA-0 

A|_PMA-Ao#TAU<2)  ♦V0*Taj(3> 

DO  9 J*l,7 

9 BETA-X(J*1)*T*'3(J)  ♦BEt* 
b?-beta-alph# 

C SOLVE  Set  of  2 equations  f0«  two  Unknowns 

0- TAU(3)*TAU(5).TAUU)-*2 

01- TAUi5)#Bl-TAu«A)#B2 

02- TAU*3)«B2-TAU(A)*Bl 
IF(O.EW.O)  Go  TO  lo 
Al-01/0 

A2-02/0 
Ui (I)-Ai 

Q2d)-A2 

Anew  < i ) -xo*vn*T (5) ♦ ai*Tn2 (*) ♦a2#tnt<*) 
ADNEW(I)-V0*?.»Al*T(5)*3.*a2*TN‘i(4) 

A0DNEW(I)b2,-AU6.«A2#T(5) 

XOI <I>*V0*2.*A1*T  <?>»3.*A2»TN2  <I» 

6 CONTINUE 
RETURN 

10  CONTlNUF 

PRINT  2ft,AT,TAU*0 
STOP  7? 

20  FORMAT (SXtGlS.b) 

C STOP  71  INOItaTES  that  THf  DETEHMIn«nT  OF  THE  SET  of  equations 
C ISO  - I.E.  NO  SOLUTION 
return 
End 


SUBROUl INF  ThEPmI u»y,7*h.«r*the»phi> 

C THtPHl  COMPUTES  THt  MAGNTTUUr  OF  A VECTOR.  The  MAGNITUOE  0^  ITS 
C PRUjecTION  ONTO  T HE  M»X?  PLanE  aNO  THf  A 7 1 MUTH  aNU  ELEVATION  ANGLES. 

IF ( X) 5* lft « 15 


UNCLASSIFIED 


lJ  THr«l.»Tn79bi?6b 
60  TO 

1*  TMF"AT4N(Y/Xi 

If  TV.PF.O.O)  *0  TO  2ft 
TH«;BTMt*6#28TlBS3072 
2U  IF  (Z. tO. 0.0)  RETURN 
GR2»X«A*Y«Y 
R-SQRT <GR?*Z*l> 

GR»SQR> (GP2) 
PmI«AT*N<Z/G*»> 

Return 

ENO 


function  ranoEyui 
TYPE  RtX(_  I 
I F < 1 . N t . ft  . ) r.D  TO  30 
IF  • JX»Ng.ft)  r,n  To  20 
UlaRANM”,)  » U2»R  XNf  ( ft  , ) 
XXaSORT (-?•»!  OO ( U 1 ) ) 
R?>6.2«3lft53*(l2 
R*N0EV«XX«C0t (P2) 
XX«XX*ilN(P2) 

JX«1  % RFTUH1 
20  Rxl''OEVaxx 

JX«0  * RETURm 

30  lF(I*Gl.n«>  GO  TO  40 

rxnoev*ranf (-i • ) * return 
40  ybranf<d  * jx«o  * return 
eno 


UNCLASSIFIED 


T 


^7 


' ::  "■  ■— 

UNCLASSIFIED 


DEFINITIONS  OF  PRINCIPAL  VARIABLES  IN  PROGRAM  ANGLE 


ALNG 

ALPH 

ALPHP 

ALPHT 

ALTB 

ANOR 

ANX(J) 

BETA 

CL 

CLINE(J) 

DP 

HL(J) 

KPTS 

L 

QUE 

ROLL 

S 

T 

TA 

TI(I) 

W(J) 

WT 

XD(I,J) 

XDD(I,J) 

XDI(I) 

XDDI(I) 

XI(I,J) 

ZETA 


Component  of  acceleration  along  velocity  vector  due  to  aerodynamic  and  propul- 
sion forces,  meters/sec2 
Current  angle  of  attack,  radians 

Angle  of  attack  at  previous  position;  angle  between  velocity  vector  and  longitudi- 
nal reference  line  of  aircraft,  radians 

Thrust  angle  of  attack;  angle  between  velocity  vector  and  thrust  vector,  radians 
Altitude  of  origin  of  reference  coordinate  system  above  sea  level,  meters 
Component  of  acceleration  perpendicular  to  velocity  vector  due  to  aerodynamic 
and  propulsion  forces,  meters/sec2 

Value  of  Jth  component  of  ANOR;  i.e.,  ANOR  = (ANX(1  ),ANX(2),ANX(3)) 

Yaw  angle  of  aircraft;  azimuthal  direction  of  projection  of  longitudinal  line  onto  a 
horizontal  plane,  positive  counterclockwise  from  X axis,  radians 
Lift  coefficient,  dimensionless 

Value  of  Jth  component  of  a vector  along  longitudinal  reference  line  of  aircraft 
Drag,  either  current  or  at  previous  position,  kilograms 

Value  of  Jth  component  of  a horizontal  unit  vector  perpendicular  to  aircraft 

longitudinal  reference  line 

Number  of  aircraft  positions  given 

Lift  (perpendicular  to  velocity  vector),  kilograms 

Dynamic  pressure,  kilograms  per  square  meter 

Roll  angle;  angle  between  aircraft  plane  of  symmetry  and  a vertical  plane  contain- 
ing the  longitudinal  reference  line,  positive  for  roll  to  the  right,  radians 
Reference  area  of  aircraft,  square  meters 
Thrust,  kilograms 

Thrust  angle;  angle  of  thrust  vector  above  longitudinal  reference  line  of  aircraft, 
radians 

Time  when  aircraft  is  at  position  I,  sec  ^ 

Value  of  Jth  component  of  a unit  vector  perpendicular  to  both  velocity  and  ANOR 
Weight  of  aircraft,  kilograms 

Value  of  Jth  component  of  aircraft  velocity  at  position  I,  meters/sec 
Value  of  Jth  component  of  aircraft  acceleration  at  position  I,  meters/sec2 
Initial  value  of  Ith  coordinate  of  aircraft  velocity 
Initial  value  of  Ith  coordinate  of  aircraft  acceleration 
Value  of  Jth  coordinate  of  aircraft  position  I,  meters 

Pitch  angle;  angle  between  a horizontal  plane  and  longitudinal  reference  line, 
positive  for  positive  values  of  CLINE(3),  radians 

20 

UNCLASSIFIED 


